INTRODUCTION
Sry-type HMG box 9 (Sox9) and a basic helix-loop-helix (bHLH) transcription factor Scx coordinately regulate the process of cellular differentiation in mesenchymal progenitors 1) . However, the precise interaction between these two transcription factors in the determination of different cellular lineages has not been fully elucidated.
Sox9 regulates the expression of its target genes by through the association with the consensus DNA sequences (WWCAAWG) on promoters or enhancers of cartilage-specific genes. We have previously reported that the Sox9-dependent transcription is synergistically activated by cofactor p300 and Smad3 in the epigenetic regulation during chondrogenesis [2] [3] [4] . Scx, which is a distinct marker for tendon and ligament progenitors, interacts with cis-acting elements (CANNTG), called E-boxes, in the promoter regions of target genes, preferentially as a Scx/E47 heterodimer 5) . However, the crosstalk among Scx, E47, and p300 is still unclear.
In this study, we investigated the relationship between Sox9 and Scx to prove our hypothesis that Scx and E47 might modulate the Sox9-dependent transcription through the association with p300.
MATERIALS AND METHODS
Cells and plasmids: A human chondrosarcoma cell line (SW1353) was used as an immature chondrogenic cell line. Plasmids encoding rat Sox9, mouse Scx, rat E47, and mouse p300 were used.
siRNA, RT-PCR, immunoprecipitation (IP), and Western blot:
Transiently transfected SW1353 cells (0-500 ng of plasmid and/or 0-80 pmol of si-Scx) were harvested for 24 h. RT-PCR and Western blot were performed using specific primers and antibodies, respectively. Cell extracts were incubated with FLAG M2 or HA affinity gel for IP.
Luciferase reporter assay: Gal4-TK Luc reporter and Gal4-Sox9 constructs were used. pGL3-585E 4) was used as a native Col2a1 reporter gene. Indicated plasmids (50 ng) were transfected into SW1353 cells.
Electrophoretic mobility shift assay (EMSA): The -577 conserved Ebox-containing probe was generated. Binding reactions were performed with 5 µg of SW1353 nuclear extracts and 20 fmol of end-labeled probe. The unlabeled probe (400 fmol) was used as a competitor.
Chromatin IP: SW1353 cells were transfected with indicated plasmids (2 µg/10-cm dish). Immunoprecipitated DNAs were purified, and then PCR reactions were performed using primers to amplify the conserved E-box in COL2A1 promoter.
RESULTS

Sox9, Scx, and E47 cooperatively stimulate the COL2A1 expression:
A simultaneous transfection of Sox9 and Scx increased COL2A1 expression up to a 2.7-fold level of control (Fig. 1A) . The increase of COL2A1 expression was enhanced up to a 5.9-fold level of control by the cotransfection of E47 (Fig. 1B) . COL2A1 expression was influenced by si-Scx in the Scx-overexpressed cells (Fig. 1C) .
Scx and E47 regulate the Sox9-dependent transcription:
The activity of mutant Gal4-Sox9 1-327, which lacks the binding region to p300, was not influenced by the addition of Scx, E47, and p300 (Fig. 2) . On the other hand, Scx, E47, and p300 synergistically enhanced the transcriptional activity of Gal4-Sox9 1-507 to a level as high as 29-fold over the Gal4 control (Fig. 2) .
E47 associates with Sox9, Scx, and p300: E47 had an ability to interact with Sox9 even in the absence of p300 (Fig. 3A) . The P/Q rich domain of Sox9 (encoding 328-423 amino acids) was necessary for the association between Sox9 and E47 (Fig. 3B) . Whereas the direct interaction between Sox9 and Scx was not detected, Scx was partly coimmunoprecipitated with Sox9 in the presence of E47 (Fig. 3C) .
Scx and E47 modulate the Sox9-dependent transcription by a putative E-box on Col2a1 promoter: Conserved putative E-boxes were found at approximately 580-bp upstream from the transcription start site of Col2a1 genes. Scx, E47, and p300 synergistically increased the transcriptional activity of pGL3-585E up to an 11.3-fold level of control in the presence of Sox9 1-507 (Fig. 4) .
Scx-E47 complex associates with the -577 E-box on Col2a1 promoter: The -577 E-box-containing probes formed a protein-DNA complex with the nuclear extract purified from Scx and E47-cotransfected cells in EMSA (Fig. 5A) . Chromatin IP analyses revealed that Scx associated with the conserved E-box region of COL2A1 promoter on chromatin, preferably in the presence of E47 (Fig. 5B) .
DISCUSSION
The association between E47 and p300 is important in many cellular responses, such as proliferation, differentiation, and transcriptional activation 6) . Our results indicated that Scx-E47 transcriptional complex might have a crucial role to regulate the Sox9-dependent transcription through the interaction with Sox9, p300, and the E-box sequence on Col2a1 promoter on chromatin.
